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Abstract 
In order to improve the CO2 sorption performance of solid amine sorbent, the additives has been 
introduced into polyethylenimine (PEI) for reducing the diffusion resistance for CO2 molecular. Several 
additives have been added into the PEI in the sorbent to examine their effects on the sorption capacity and 
the sorption rate. The sorption performance of the sorbents with different additive in PEI was evaluated 
by using TGA, and the results show that only some additives can significant increase the sorption 
capacity, but not all of them. In order to understand how the additives improved the sorption performance, 
the viscosity of PEI with and without the additives was measured in the presence and absence of CO2. It 
was found that the decrease in viscosity after adding the additives may be one of the reasons for 
facilitating the diffusion of the sorbed CO2 molecules from the surface of PEI into the bulk of PEI, 
probably due to weakening the interaction of the CO2 molecule with the amine group. The additives may 
also provide some channels for CO2 moving into deeper PEI films, and thus increase the total accessible 
sites and improve the efficiency of amine. And this may be another reason for additives enhance sorption 
performance.  
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1. Introduction 
CO2 capture and storage from flue gas have been considered as a key option for mitigation of 
greenhouse gas impact [1~3]. Among various approaches reported for CO2 capture, the most mature 
technology on the industrial scale is the amine scrubbing process currently [4]. However, this process has 
several problems, including high-energy consumption, low-absorption/desorption rate, corrosion of the 
amine solution, and degradation of the amine solution in cycles. Compare to the liquid amine scrubbing 
process, the sorption on the solid amine sorbents, especially the supported-PEI sorbents, has deemed to be 
a promising alternative technology for CO2 capture due to its high capacity, no or less corrosion, higher 
sorption/desorption rate and lower energy consumption. Currently, there are two types of the solid-
supported amine sorbents according to their preparation methods. The sorbents of type 1 are prepared 
through the formation of the covalent bonds between the amine-containing compounds and the surface of 
the solid support [5~10]. The sorbents of type 2 are prepared by loading the amine containing polymer or 
oligomer, such as polyethylenimine (PEI) or oligoethylenimine, on the nanoporous materials using a 
simple wet-impregnation [11~15].  
Although the supported-PEI sorbents give the high capacity, the efficiency of amine is only about 35%. 
This is because of the high kinetic barrier for diffusion of the sorbed CO2 molecules from surface into the 
bulk of PEI. In order to further increase the CO2 sorption capacity of the sorbents and enhance the sorption 
performance, it is necessary to reduce the CO2 diffusion resistance in the PEI bulk in the sorbent. 
In the present study, several additives with different amounts have been introduced into the PEI in the 
sorbent to examine their effects on the sorption capacity and the sorption rate. The additive may reduce 
the viscosity of PEI, and the decrease in viscosity after adding the additives may facilitate the diffusion of 
the sorbed CO2 molecules from the surface of PEI into the bulk of PEI, probably due to weakening the 
interaction of the CO2 molecule with the amine group. The additives may also provide some channels for 
CO2 moving into deeper PEI films, and thus increase the total accessible sites and improve the efficiency 
of amine to enhance sorption performance.  
2. Experimental 
2.1. Preparation of sorbent samples 
The sorbent samples were prepared by a wet-impregnation method. In a typical preparation, the 
desired amount of PEI and additives were dissolved in 20 mL of ethanol under stirring for ~60 min to 
make a mixture solution, and then desired amount of the silica gel after vacuum drying at 108 oC was 
added to the mixture solution. The slurry was continuously stirred at room temperature for about 5 h, 
allowing the ethanol in the slurry to be evaporated. After ethanol was mainly evaporated, the sample was 
further dried in a vacuum oven at 40 oC, 1 kPa for 12 h, and then was sealed in a bottle before use. The 
sorbent samples with different PEI and additive loading amount were denoted as PEI(x)/SG, where x is 
the weight percentage of PEI-loading amount in the sorbent. 
2.2. Evaluation of CO2 sorption/desorption performance 
The CO2 sorption/desorption performance of the sorbent was evaluated by using TGA (NETZSCH). A 
typical analysis is described as below: About 50 mg of the sorbent was placed at the TGA sample pan. 
The sample as first heated from room temperature to 100 °C at a rate of 10 °C/min under a pore N2 flow 
with a flow rate of 60 ml/min, and was kept at 100 °C for 60 min to remove the remained solvent, the 
sorbed CO2 and moisture from the sample. The sample was cooled down to the desired sorption 
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temperature and kept at this temperature for 30 min. The sorption was stated by switching the flow as
from pore N2 to 10 v% CO2 at the same flow rate and hold at the sorption temperature for 30 min for CO2
sorption. After the sorption, the flow gas was switched back to the pore N2 and the temperature was 
increased to 100 °C for desorption. The sorption capacity of the sample was calculated according to the
mass change during sorption. 
2.3. Measurement of viscosity and density of PEI-additive mixture
The measurement of the mixture of PEI and additive viscosity were using the capillary viscometer at 
different temperature. The liquid density of mixture of PEI and additive was measured by using liquid
density meter (METTLER TOLEDO DM40) at different temperature.
3. Results and Discussion
3.1. Effect of sorption temperature on sorption capacity of PEI(50)/SG
Effect of the sorption temperature on the sorption capacity of PEI(50)/SG was examined using TGA 
with 10 v% CO2 gas at 30, 50, 65, 75, 85 and 100 oC, respectively. The results are shown in Figure 1. At 
30 oC, the CO2 sorption capacity of PEI(50)/SG was 81.2 mg-CO2/g-sorbent. With increasing
temperature, the CO2 sorption capacity became higher and reached the highest capacity of 127.2 mg-
CO2/g-sorbent at 75 oC. Continuously increasing temperature from 75 to 100 oC, the sorption capacity 
decreased to 118.3 mg-CO2/g-sorbent. The best capacity was obtained at 75 oC, similar to the results
observed for PEI(50)/MCM-41[14] and PEI(50)/SBA-15 [12]. The results indicate that at the temperature
range from 30 to 75 oC, the diffusion of CO2 in the PEI may be a sorption rate-control step. Consequently,
elevating temperature results in increase of the number of accessible amine sites in the sorbent, and, thus,
increases the CO2 sorption capacity. When the temperature is higher than 75 oC, the thermodynamics may 
play a more important role, thus, resulting in decrease of the sorption capacity with increasing
temperature.
Fig. 1. The effect of sorption temperature on CO2 sorption capacity of PEI/SG
208   Zhonghua Zhang et al. /  Energy Procedia  37 ( 2013 )  205 – 210 
3.2. Effect of additives on sorption capacity of PEI-additive/SG
Figure 2 showed the sorption capacity and sorption rate of additive-plus sorbents. Six additives were 
introduce into sorbents to investigate the promotion of the sorbents, including piperazine (PPZ), N-
Formylmorpholine (NFM), Poly(melamine-co-formaldehyde) acrylated (PMA), triethanolamine (TEA),
Poly(melamine-co-formaldehyde) methylated (PMG) and N-methyl pyrrolidinone(NMP). The sorption 
capacity of sorbent was tested by TGA under 10 v % CO2 flow gas at 75 oC, and the PEI and additive
amount in sorbents were 45% and 5% respectively. The results were shown that PPZ and NFM improve 
the CO2 sorption capacity of sorbent by 12.4% and 11.5% respectively. Both PPZ and NFM contained 
six-membered ring structure, and this structure seemed to provide a channel for CO2 diffusion from the
surface of PEI into the deeper films. In other words, these additives promote the CO2 diffusion process in 
the bulk of PEI film, leading the higher capacity of the sorbents. However, other additives reduced the
CO2 sorption capacity due to its structure may not provide a pathway for CO2 diffusion and reduce the
accessible site of amine group. But all of additive promoted the CO2 sorption rate of solid amine sorbent.
Fig. 2. The effect of additives on CO2 sorption capacity and rate of PEI-additive/SG
3.3. Density and viscosity of PEI-additive mixture
Fig. 3. The viscosity of PEI-additive mixture before and after sorbing CO2
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The viscosity of PEI before and after reacting with CO2 was measured by the capillary viscometer at 
40, 60 and 75 oC, and the results were shown in Figure 3. The dramatic viscosity increases after sorbing
CO2 of PEI, by 44.9%, 35.0% and 17.7% at 40, 60 and 75 oC respectively, has been seen, which increases
the diffusion resistance for CO2 and reduces the accessible sorption site of PEI film due to the CO2
molecular harder getting into the deeper PEI film.
The density and viscosity of PEI-additive mixture were measured at 40, 60 and 75 oC, and the results 
were shown in Figure 4. The density and viscosity of PEI-additive mixture decreased at all temperature, 
favoring the CO2 diffusion into the bulk of PEI. That may be the reason why the additive can enhance the
sorption performance of solid amine sorbents.
(a) (b)
Fig. 4. The viscosity (a) and the density (b) of PEI-additive mixture
4. Conclusion
A new direction of enhancing sorption performance of solid amine sorbents through improving the
utilization efficiency of amine groups for CO2 capture was provided. The additive was introduced into the
polymer amines to increasing the accessible CO2 sorption site, and the deeper polymer amine films could
be used due to the diffusion resistance decreasing. It is leading to enhance CO2 sorption performance of 
solid amine sorbents. However, further investigation in fundamental understanding of diffusion
mechanism of the sorbed CO2 in PEI bulk at the molecular level is desired for improving the sorption 
performance of the solid amine sorbents.
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